Extra Dimensions and Neutrinoless Double Beta Decay Experiments 
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The neutrinoless double beta decay is one of the few phenomena, belonging to the non-standard 
physics, which is extensively being sought for in experiments. In the present paper the link between 
the half-life of the neutrinoless double beta decay and theories with large extra dimensions is ex- 
plored. The use of the sensitivities of currently planned Qv2f3 experiments: DAMA, CANDLES, 
COBRA, DCBA, CAMEO, GENIUS, GEM, MAJORANA, MOON, CUORE, EXO, and XMASS, 
gives the possibility for a non-direct 'experimental' verification of various extra dimensional sce- 
narios. We discuss also the results of the Heidelberg-Moscow Collaboration. The calculations are 
based on the Majorana neutrino mass generation mechanism in the Arkani-Hamed-Dimopoulos- 
Dvali model. 

PACS numbers: ll.10.Kk, 12.60.-i, 14.60.St, 14.60.Pq 
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I. INTRODUCTION 



The standard model (SM), despite being very success- 
ful, has many drawbacks and cannot be regarded as the 
ultimate theory of elementary particles and their inter- 
actions. One of the most severe are the big number of 
free parameters and the hierarchy problem. The idea of 
going beyond the SM is old, but only recently has been 
fully backed up by experimental evidence of neutrino os- 
cillations |lH5j. This observation clearly calls for a more 
fundamental theory, which will extend the SM. One of 
the best candidates, which cures most of the SM's weak- 
nesses, is the theory of superstrings. Within this theory 
one gets rid of the problematic point-like nature of parti- 
cles, therefore removing ultraviolet divergences. What is 
more, there is no need to introduce and fit to experiments 
so many free parameters (more than 20 in the SM). The 
string theory is a consistent, divergent- free quantum field 
theory. It allows also to generate, in a natural way, a spin- 
2 massless field, which represents the graviton, therefore 
unifying gravity and electroweak interactions. 

However, the string theory requires two new features 
for consistent formulation: the supersymmetry and ad- 
ditional spatial dimensions. Supersymmetry introduces 
new kind of operators, which change the spin of particles 
by 1/2. Therefore a boson may be turned into a fermion 
and vice versa, which results in unification of forces and 
matter. The idea of additional spatial dimensions sound 
even more strange. Because these two phenomena are not 
observed in the low energy domain, the supersymmetric 
particles must be heavier than our current experimental 
capabilities, and extra dimensions much smaller than our 
ability to observe them. They may form closed, curled 
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shapes with tiny radii (the so-called Calabi-Yau shapes) 
which has very small influence on our life. It is, however, 
possible that the extra dimensions are open, large, and 
the difficulty in observing them has a different basis. 

There are three main models used in building theo- 
ries with large extra dimensions. Firstly, we have the 
description based on the original Kaluza-Klein approach 
0,0, which predicts a load of new particles, the so-called 
towers of KK excitations. Secondly, there are models for- 
mulated by Randall and Sundrum (RS models) [1, 0| , in 
which the extra dimensions are compactified on orbifolds 
with a Z2 symmetry. Last but not least, there are propo- 
sitions of Arkani-Hammcd, Dimopoulos and Dvali (ADD 
models) |10h14| . in which the standard model particles 
are trapped on a 3D brane, which in turn floats in a 
higher dimensional bulk. In what follows we will use the 
ADD approach. 

As mentioned above, the main evidence for physics be- 
yond the SM are the oscillations of neutrinos. According 
to most theories, neutrino oscillations imply a non-zero 
neutrino mass and a difference between the flavor and 
mass eigenstates of neutrinos. The physical mechanism 
generating this difference, as well as masses, remain still 
an open issue. 

Assuming the existence of supersymmetry, or non- 
standard physics in general, one may expect the phe- 
nomena, normally forbidden by the symmetries of SM. 
One of these is the neutrinoless channel of double beta 
decay (Qv2(3) [l5j]. This decay, still not confirmed, is the 
only experimental possibility of determining the nature of 
neutrino (Majorana or Dirac particle). It may also help 
in obtaining the absolute mass of these particles, since 
the oscillation experiments are sensitive to differences of 
masses squared only. 

In our earlier work [l6l Il7j we have shown, that it is 
possible to relate the parameters describing extra dimen- 
sions to the half-life of the 0^2/3 decay. In the present pa- 
per we continue this topic with the analysis of the data 
provided by the Heidelberg-Moscow Collaboration (H- 
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M) as well as sensitivities of planned 0i/2(3 experiments, 
from the point of view of large extra dimensions. 

In the next section we recall the necessary information 
about the ADD model of large extra dimensions. In the 
following section we shortly discuss the formula describ- 
ing the half-life of neutrinoless double beta decay. After 
that, we arrive at the final formula and present and dis- 
cuss the results. A summary follows at the end. 



II. EXTRA DIMENSIONS 

In the ADD approach the space can be divided into 
two main parts. One is the so-called bulk, a 3 + 
n— dimensional space in which the gravity propagates. 
Besides gravitons, it may be also populated with other 
particles and fields, which are not contained in the stan- 
dard model. Floating in the bulk, there is at least one 
3-dimensional brane, an object which is predicted by the 
string theory as a higher-dimensional generalization of 
the string. The standard model is assumed to be confined 
on such brane. It means that all the SM interactions are 
propagating only within the brane. The same goes to 
fermions, which must also be restricted to live on the 
brane. The just presented setting immediately explains 
the weakness of gravity in our universe, thus solving the 
hierarchy problem. Namely, using for example the gener- 
alized Gauss Law, one arrives at the so-called reduction 
formula 



M 2 Pl ~ R n M 2+n , 



(1) 



where Mpi ~ 10 28 eV is the Planck mass, M* is the true 
scale of gravity, and R is the assumed common compact- 
ification radius of extra dimensions. One sees that, by 
properly adjusting the values of R and n, it is possible 
to lower the true scale of gravity to the electroweak scale 
~ 1 TeV, thus getting rid of the hierarchy problem. This 
is the main motivation for the ADD approach. 

Introducing a second brane, parallel to ours, one may 
generate, under special conditions, a Majorana neutrino 
mass term. Let us denote the coordinates by {x M ,y m }, 
where fi = ... 3 labels the ordinary space-time coordi- 
nates and m — 1 . . . n labels the extra dimensions. By 
identifying y ~ y + 2nR we compactify the extra dimen- 
sions on circles. (From now on we will drop the indices 
(i and m for simplicity.) 

Let us assume (l3l . Il4j that lepton number is conserved 
on our brane, located at y = 0, but maximally broken on 
the other one, placed on y = y*. The breaking occurs 
in a reaction where a particle \i with lepton number 
L = 2 and mass m x , escapes the other brane into the 
bulk. This particle, called the messenger, may interact 
with our brane and transmit to us the information about 
lepton number breaking. 

To be more specific, let us introduce a field 0l=2 lo- 
cated on the other brane, whose vacuum expectation 
value (vev) breaks the lepton number. What is more, 
it acts as a source for the bulk messenger field \ and 



"shines" it everywhere, in particular also on our brane. 
The strength of the shined x is in a natural way sup- 
pressed by the distance r between branes, and therefore 
one can write for the messenger 

( X ) = (<f>)A n (r), (2) 

where A n (R) is the n-dimensional propagator given by 

f — log(i?m x ), (Jim x « 1) 



A 2 (R) 



(Rm x > 1) 



A n>2 {R) ~ . e - R 



■j£=s, (Rm x < 1) 
e ' Rmx {Rm x » 1) 



(3) 



(4) 



We introduce a lepton field l(x) and a Higgs scalar field 
h{x) localized on our brane. They can interact with the 
messenger and the interaction is given by the following 
Lagrangian [141 ]: 

d 4 x a[l(x)h*(x)] 2 x(x,0), (5) 

where the first part represents the lepton number viola- 
tion, occurring on the other brane, and the second part 
is responsible for the interaction between SM fields and 
the messenger on our brane. Let us assume for simplic- 
ity, that the second brane is as far away from ours as 
possible, i.e. the distance between the branes is approx- 
imately equal to R, the compactification radius. After 
spontaneous symmetry breaking we substitute @ into 
([5]), write the Higgs field in terms of its vev v, and iden- 
tify I with vl. We arrive at a mass term of the Majorana 
form rriMaj v \ v l with the mass given approximately by 
El: 



m M 



v 2 A{r) 



aj Mr 1 



(6) 



which, using Eq. (TTJ), may be rewritten as (la j: 

m Maj - v 2 R^ 1 M^f Tjl A n (R), (7) 

with v 2 = (174 GeV) 2 ~ 10 22 eV 2 being the Higgs boson 
vev. 



III. NEUTRINOLESS DOUBLE BETA DECAY 

Neutrinoless double beta decay (0^2/3) is a process in 
which a nucleus undergoes two simultaneous beta decays 
without emission of neutrinos 



A(Z, N) -> A(Z + 2, N - 2) + 2e" 



(8) 



It requires neutrino to be a Majorana particle, so that 
two neutrinos emitted in beta decays annihilate with each 
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other. It is readily seen that this process violates the 
lepton number by two units, thus it is forbidden in the 
framework of SM. The 0v2f3 decay has been claimed to be 
observed [l8| , but this information has not yet been con- 
firmed and has met some strong criticism from the com- 
munity (see e.g. [HI H3])- In any case, even the limit for 
non-observability of this decay sets valuable constraints 
on the shape of physics beyond the SM. It is the main 
tool to verify the nature of neutrino (Dirac or Majorana 
particle). It may also help in determining the absolute 
value of the neutrino mass. 

Ignoring the contributions from right-handed weak 
currents, the half-life of 0^2/3 can be written in the form 



T 



1/2 



M: 



(9) 



One can write the same for any performed or planned 
0v2/3 experiment, replacing the relevant values with the 
sensitivities of the experiments 



rpexpt. 
1 l/2 



M 



spec (m \ 2 

V'^/expt. 



(10) 



TABLE I: Sensitivities of some 0v2/3 experiments planned for 
the future. The half-life Ty^' is expressed in years, while 

effective neutrino mass in eV; £ 
taken from Refs. OOHIl. 



T*J?-{m„) 



2 

expt. • 



Values 





rpexpt. 
I l/2 


{rrti, f expt. 


t 


expt. 




[ 


y] 


[eV] 


[y eV 2 ] 


DAMA ( 136 Xe) 


1.2 x 10 24 


2.3 


6.3 x 10 24 


MAJORANA ( 76 Ge) 


3 


X 


10 27 


0.044 


5.8 x 10 24 


EXO lOt ( 136 Xe) 


4 


X 


10 28 


0.012 


5.7 x 10 24 


GEM ( 76 Ge) 


7 


X 


10 27 


0.028 


5.5 x 10 24 


GENIUS ( 76 Ge) 


1 


X 


10 28 


0.023 


5.3 x 10 24 


CANDLES ( 48 Ca) 


1 


X 


10 26 


0.2 


4.0 x 10 24 


MOON ( 100 Mo) 


1 


X 


10 27 


0.058 


3.4 x 10 24 


XMASS ( 136 Xe) 


3 


X 


10 26 


0.10 


3.0 x 10 24 


CUORE ( 130 Te) 


2 


X 


10 26 


0.10 


2.0 x 10 24 


COBRA ( 116 Cd) 


1 


X 


10 24 


1 


1.0 x 10 24 


DCBA ( 100 Mo) 


2 


X 


10 26 


0.07 


9.8 x 10 23 


DCBA ( 82 Se) 


3 


X 


10 26 


0.04 


4.8 x 10 23 


CAMEO ( 116 Cd) 


1 


X 


10 27 


0.02 


4.0 x 10 23 


DCBA ( 150 Nd) 


1 


X 


10 26 


0.02 


4.0 x 10 22 



In relations © and (|TTJ| M. spec is the nuclear matrix ele- 
ment for a specific nucleus which can be calculated within 
certain nuclear models, and m e is the electron mass. The 
so-called effective neutrino mass (m„) is defined by the 
relation 



can be treated as nearly degenerate, with mi « mi [28j . 
Within these approximations one may express m ee as a 
function of mi and two mixing angles in the following 
form (Hi: 



\ mi \U el \ 2 ±m 2 \U e2 \ 2 ±m 3 \U e3 \ 2 , (11) 



where U is the neutrino mixing matrix and m, are neu- 
trino mass eigenvalues. The last formulation assumes CP 
invariance. One sees from this equation that it is possi- 
ble to identify {m v ) with the ee entry of neutrino mass 
matrix in the flavor basis 

W = m ee , (12) 

which is given exactly by the superposition of mass eigen- 
values from Eq. (fTT|) . 

In the next section the link between T1/2 and the pa- 
rameters describing extra dimensions will be established. 



IV. RESULTS 

In the calculations we have neglected the contribution 
coming from the third neutrino in the mass basis, setting 
\U e3 \ 2 m 3 = 0. This is justified by the results of CHOOZ 
experiment [26|, [2tJ , which showed that there is a negli- 
gible admixture of v e in the third mass eigenstate (less 
than 3%; most of the analyses place the value of |E/ e 3| 2 
between and 0.05). The remaining two mass eigenstates 



m 2 ee = [1 - sin 2 (26>soiar)sin 2 (0i 2 /2)]m? = «f 



(13) 



where sin 2 (20soiar) ~ 0.82: this value takes into account 
the KamLand results [IHl, [2{| . By CP symmetry conser- 
vation, the relative phase factor $12 takes values either 
or 7r/2. For cf>i 2 = 0, m ee = mi. The more interesting 
case involves the mixing angle 9soiar therefore we chose 
the value $12 — tt/2 having 



m 2 = 1.69 mi, 



(14) 



In fact the exact value of k is irrelevant in our discussion 
and the whole coefficient can in principle be set to one. 
What we are interested in is the order of magnitude of 
the half-life of 0^2/3 decay. 

By rewriting T]y 2 in terms of T^J pt ' we get rid of the 
unwanted nuclear matrix elements 



Ti 



I 2 



rpexpt. 
1 l/2 



TO, 



) 2 

/ expt. 



£,{m v ) 



(15) 



where we have gathered all experimental values in the 
parameter £ = T^ L (m u ) 2 expt . Eqs. (TT2) and dHJ) allow 
to rewrite this expression as 



T1/2 = £,ml 



(16) 



Finally, we assume that neutrinos are Majorana particles 
in order to discuss the neutrinoless double beta decay. 
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Since we are left with only one independent mass, we may 
replace mj with the expression for Majorana neutrino 
mass, Eq. (0, finishing with 



/2 



+ 2 



x M 



4(n-l)/n+2 
PI 



[A„(ii)] 



(17) 



One sees that Eq. (|T7| consists of two parts. The first 
one is connected with 0^2/3 experiments, for which the 
relevant values are presented in Tab.fl] We have included 
tha values as given by various collaboration assuming, 
that these represent the best sensitivity of the projects. 
Therefore the effective neutrino mass, which depends on 
the nuclear matrix elements, may be different for the 
same isotope. However the calculations of the matrix ele- 
ments using various approaches give on average a change 
in (m v ) 200-300% which is well below the level of accu- 
racy of our discussion. 

The second part of Eq. (jT7|) contains parameters of 
the extra dimensions. At this point we need to include 
constraints coming from other sources, like supernova 
and neutron star data [30M3^ ] . and cosmological mod- 
els [HI, 36]. Altogether, one of the most complete limits 
have been derived in Ref. [13] and read: 

R < 1.5 x 10 -7 mm for n = 2, (18) 
R < 2.6 x 10~ 9 mm for n = 3, (19) 
R < 3.4 x 10~ 10 mm for n = 4. (20) 

Taking into account bounds Eqs. (|18 p -(|20 p the formula 
for T1/2 becomes an inequality. Explicitly Eq. (|17l) takes 
the following forms of lower bounds on the half-life of 
0i/2/3: 

Case n = 2 

T 1/2 > 1.11 x 10- 15 £' (log(i?m x ))- 2 , (Rm x « 1); 
Ti /2 > 1.11 x 10~ 15 C e 2Rm * Rm x , (Rm x > 1). 

Case n = 3 



T 1/2 > 0.039 £' , 
T 1/2 > 0.039 g e 2Rm * , 

Case n = 4 

T 1/2 > 1.69 x 10 11 £' , 
T 1/2 > 1.69 x 10 11 £' e 2jRm * . 



(i?m x «1); 
(i?m x > 1). 

(i?m x < 1) 
(Rm x > 1) 



We have denoted £' = £/(l eV 2 ). In the above calcu- 
lations the value k = 1.69 has been used, which is con- 
sistent with the KamLand results [2{|. The inequalities 
represent lower bounds on the half-life. The true value 
of T1/2 may be much bigger than the bounds itself. We 
would like to stress, that the following discussion is valid 
only under our assumptions, i.e. we live in a brane world 
and generate neutrino masses according to the ADD sug- 
gestion. If not, our bounds on Tj/2 are not valid. Insert- 
ing £ corresponding to various experiments one obtains 



specific values of Ti/2- If a positive signal will be recorded 
by that collaboration, it may be compared with our val- 
ues to estimate the values of n, R and Rm x . 

Let us start with the discussion of the claim of evidence 
of 0^2/3 decay. Klapdor et. al. in Ref. [18[ reported a 
positive signal for the 0^2/3 transition in 76 Ge and, after 
reanalyzing the data, announced the following values at 
more than 99.9% confidence level [37| |: 



T. 



H — M 
1/2 



1.19 x 10 25 



> ff _ M =0.44eV, (21) 



which corresponds to £ = 2.3 x 10 24 y eV 2 . This claim, 
although not confirmed, has not been withdrawn, so it 
deserves a careful analysis. The results are presented in 

Fig.m 

One sees that for a light messenger particle, the results 
do not depend on Rm x , except for n = 2, where the de- 
pendence is very weak. In fact they are even independent 
of R and m x separately. Obtaining constant values for 
that case (for n > 3) is a general feature of the model, as 
will be seen in further discussion. Assuming that the H- 
M values correctly describe Of 2/3 decay, and taking into 
account possible errors, the closest match will be n — 3. 
The n = 2 case is practically ruled out, since the sensi- 
tivities of the experiments exceeded the obtained value 
by more than 15 orders of magnitude, and all of them 
reported negative results. Another possible scenario is 
the n = 4, but its verification will have to wait for more 
powerful experiments than those planned today. 

In the case of heavy messenger, the first solution is 
n = 2 and Rm x ps 17. If the H-M results were confirmed, 
this possibility is promising. Another choice could be 
n = 3 and Rm x being close to 1. This, however, puts 
a question mark on our prediction, since we have used 
the asymptotic al forms of the propagator, which are not 
valid for Rm x 1. More extra dimensions blow the half- 
life to extremely huge values, making the discussion at 
this stage meaningless. 

The H-M data's £ value places itself in the middle of 
considered projects. Let us now say a few words about 
the currently planned 0^2/3 experiments. The results for 
the DCBA experiment, which has the smallest £ value, 
and for DAMA experiments with the biggest £ are de- 
picted on Figs. [2] and [3l respectively. For the remaining 
projects the results are summarized in Tabs. [H] and IIIII 
All the values presented in the tables are bounds from be- 
low on the 0z/2/3 half-life. In any case one should always 
bear in mind the upper limit on R and from the value 
of Rm x deduce the appropriate mass of the messenger 
particle. 

The results for n — 2 are summarized in Tab. HU The 
case of light messenger is excluded by the negative results 
of 0^2/3 experiments, which sensitivities have exceeded 
the given threshold by more than 15 orders of magnitude. 
In the case of heavy messenger, the quantity Rm x turns 
out to be equal to at least 15. This value matches well 
the Rm x w 17 obtained for H-M experiment. 

Case n = 3 is presented in Tab. IIIII for heavy messen- 
ger. One sees that this case is not limited by the ex- 
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FIG. 1: Lower bounds on the half-life of neutrinoless double beta decay in the case of light (left panel) and heavy (right panel) 
messenger particle for the Heidelberg-Moscow experiment. 
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FIG. 2: Lower bounds on the half-life of neutrinoless double beta decay in the case of light (left panel) and heavy (right panel) 
messenger particle for the planned DCBA ( 150 Nd) experiment. 



pcriments. In fact the values Rm x around 3 correspond 
to the sensitivities of currently performed experiments, 
like the Germanium neutrinoless double beta decay in 
Gran Sasso. We repeat here, that for such small value, 
the validity of the results may be questioned. For light 
X particle the calculations give T x / 2 > 3.9 x 10~ 2 so 
there is no m x dependence. Since the experimental factor 
is of the order of 10 24 , we end up with T 1/2 > lO 22 " 23 y. 

If the number of extra dimensions is four, a simple cal- 
culation gives Tj/2 > 10 38 y for heavy messenger. This 
value is beyond the abilities of any currently planned ex- 



periment. It may, however, serve as clue if all of them 
report negative results. For a light messenger, we face 
a similar situation as previously, i.e. the m x depen- 
dence drops out. For four extra dimensions we finish with 
T 1/2 > 1.69 x 10 11 therefore obtaining T 1/2 > 10 35 y. 



The discussion may be extended for more extra dimen- 
ons, if one is interested in the half-life of fV2/3 being 

38 



longer than 10 years 
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FIG. 3: Lower bounds on the half-life of neutrinoless double beta decay in the case of light (left panel) and heavy (right panel) 
messenger particle for the planned DAM A experiment. 



TABLE II: Lower bounds on Ti/2 in years for two additional dimensions (R < 1.5 x 10 7 mm). 



Rm x = 0.001 O01 Ol 10 15 20 25 



DAMA 


1.6 


X 


10 8 


3 


6 


X 


10 s 


1.4 


X 


10 9 


3 


7 


X 


10 19 


1.2 


X 


10 24 


3 


6 


X 


10 28 


1.0 


X 


10 33 


MAJORANA 


1.5 


X 


10 8 


3 


3 


X 


10 s 


1.3 


X 


10 9 


3 


4 


X 


10 19 


1.1 


X 


10 24 


3 


3 


X 


10 28 


9.2 


X 


10 32 


EXO (lOt) 


1.4 


X 


10 8 


3 


2 


X 


10 8 


1.3 


X 


10 9 


3 


3 


X 


10 19 


1.1 


X 


10 24 


3 


2 


X 


10 28 


9.0 


X 


10 32 


GEM 


1.3 


X 


10 s 


3 


1 


X 


10 s 


1.2 


X 


10 9 


3 


2 


X 


10 19 


1.0 


X 


10 24 


3 


1 


X 


10 28 


8.6 


X 


10 32 


GENIUS 


1.3 


X 


10 8 


3 





X 


10 8 


1.2 


X 


10 9 


3 


1 


X 


10 19 


1.0 


X 


10 24 


3 





X 


10 28 


8.3 


X 


10 32 


CANDLES 


9.7 


X 


10 7 


2 


2 


X 


10 8 


8.7 


X 


10 8 


2 


3 


X 


10 19 


7.5 


X 


10 23 


2 


2 


X 


10 28 


6.2 


X 


10 32 


MOON 


8.2 


X 


10 7 


1 


9 


X 


10 8 


7.4 


X 


10 8 


2 





X 


10 19 


6.3 


X 


10 23 


1 


9 


X 


10 28 


5.3 


X 


10 32 


XMASS 


7.2 


X 


10 7 


1 


7 


X 


10 8 


6.5 


X 


10 s 


1 


7 


X 


10 19 


5.6 


X 


10 23 


1 


7 


X 


10 28 


4.7 


X 


10 32 


CUORE 


4.7 


X 


10 7 


1 


1 


X 


10 8 


4.3 


X 


10 s 


1 


1 


X 


10 19 


3.7 


X 


10 23 


1 


1 


X 


10 28 


3.1 


X 


10 32 


COBRA 


2.4 


X 


10 7 


5 


5 


X 


10 7 


2.1 


X 


10 8 


5 


7 


X 


10 18 


1.8 


X 


10 23 


5 


5 


X 


10 27 


1.5 


X 


10 32 


DCBA ( 100 Mo) 


2.3 


X 


10 7 


5 


4 


X 


10 7 


2.1 


X 


10 s 


5 


6 


X 


10 18 


1.8 


X 


10 23 


5 


4 


X 


10 27 


1.5 


X 


10 32 


DCBA ( 82 Se) 


1.1 


X 


10 7 


2 


6 


X 


10 7 


1.0 


X 


10 8 


2 


7 


X 


10 18 


8.8 


X 


10 22 


2 


6 


X 


10 27 


7.4 


X 


10 31 


CAMEO 


9.5 


X 


10 6 


2 


2 


X 


10 7 


8.5 


X 


10 7 


2 


3 


X 


10 18 


7.3 


X 


10 22 


2 


2 


X 


10 27 


6.1 


X 


10 31 


DCBA ( 150 Nd) 


9.5 


X 


10 s 


2 


2 


X 


10 6 


8.5 


X 


10 6 


2 


3 


X 


10 17 


7.3 


X 


10 21 


2 


2 


X 


10 26 


6.1 


X 


10 30 



SUMMARY 



Theories which deal with extra dimensions face one 
basic problem, namely the obvious difficulty of verifica- 
tion. There are two main types of experiments performed 
nowadays. One are the tabletop gravity experiments, 
which test the Newton 1/r 2 law on very small distances. 
The best accuracy of present setups is 0.1 mm [38] which 
is not sufficient. The other are based on astronomical ob- 
servations, mainly concerning supernovas and black holes 
[30M361 I . These, however, are very difficult and hi ghly 
model-dependent. The work presented first in Refs. [16] 
and 17j, and continued here, shows that it is possible to 



use the results for exotic nuclear processes also to con- 
strain the theories with large extra dimensions. Needless 
to say, we have much better control over these experi- 
ments, than those aforementioned. 

To sum up the results of the present paper, one can 
say that within the model used, the current 0V2/3 exper- 
iments have reached the sensitivity to explore the possi- 
bility of two, and maybe three additional spatial dimen- 
sions. The future experiments should be able to rule out 
the possibility of three extra dimensions, provided they 
finish with negative results. The sensitivity needed to 
reach the n = 4 threshold should be at least ~ 10 35 y, 
which is 7 to 9 orders of magnitude better than the cur- 
rently planned experiments can achieve. 
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TABLE III: Lower bounds on Ti/ 2 in years for three additional dimensions (R < 2.6 x 10 9 mm). The case of light m x is 
discussed in the text. 



D™ 

tXVCly^ 




o 
o 




c 







10 


1 

10 


n Ai\/f A 


1 1 
1.1 


X 


1U 


c n v 

D.U X 


in 27 

1U 


l.o 


x 


10 32 


Z.y X 1U 


A/T A TOP A NT A 
IVIAJ Wt\/\1n 1\ 


l.U 


X 


in 26 


0.0 X 


in 27 


1 9 
l.Z 


X 


10 32 


Z.i X 1U 


rLJ^KJ [Wt) 


l.U 


X 


in 26 
1U 


0.4 X 


in 27 

1U 


1 o 
±.z 


X 


10 32 


Z.O X 1U 




y.o 


X 


1 n 2 5 
1U 


EC 1 w 

O.z X 


in 27 
1U 


1 1 

1.1 


X 


10 32 


Z.O X 1U 


r^TTTMTT TQ 


y.i 


X 


i n 2 5 
1U 


O.U X 


in 27 


1 1 
1.1 


X 


10 32 


Z.4 X 1U 


OA IN UijU/o 


U.O 


X 


i n 2 ^ 
1U 


Q 7 w 

O. f X 


in 27 

1U 


O.l 


X 


10 31 


i o w i n36 
l.o X 1U 




O.o 


X 


i n 25 
1U 


O.Z X 


in 27 


C\ O 

u.y 


X 


in 31 


i r w i n36 
1.0 X 1U 


XMASS 


5.1 


X 


10 25 


2.8 x 


10 27 


6.0 


X 


10 31 


1.3 x 10 36 


CUORE 


3.4 


X 


10 25 


1.8 x 


10 27 


4.0 


X 


10 31 


9.0 x 10 35 


COBRA 


1.7 


X 


10 25 


9.2 x 


10 26 


2.0 


X 


10 31 


4.5 x 10 35 


DCBA ( 100 Mo) 


1.6 


X 


10 25 


9.0 x 


10 26 


2.0 


X 


10 31 


4.4 x 10 35 


DCBA ( S2 Se) 


8.1 


X 


10 24 


4.4 x 


10 26 


9.6 


X 


10 30 


2.1 x 10 35 


CAMEO 


6.7 


X 


10 24 


3.6 x 


10 26 


8.0 


X 


10 so 


1.8 x 10 35 


DCBA ( 150 Nd) 


6.7 


X 


10 23 


3.6 x 


10 25 


8.0 


X 


10 29 


1.8 x 10 34 
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